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Abstract 15	  
Yersina entrocolitica is a heterogeneous species including non-pathogenic strains belonging 16	  
to biotype 1A and pathogenic strains belonging to biotypes 2 to 5. Pathogenic strains 17	  
belonging to biotypes 2 to 4, especially biotype 4, have frequently been isolated from 18	  
domestic pigs at slaughter. Only few studies have been conducted on the situation in sheep. In 19	  
this study, the prevalence of ail-positive Y. enterocolitica was studied by PCR and culturing 20	  
in 406 young sheep (<1 year) and 139 older sheep at slaughter in Finland. The detection rate 21	  
was 11% (45/406) in young sheep originating from 11 (18%) farms by PCR. Surprisingly, Y. 22	  
enterocolitica belonging to bioserotypes 2/O:9 and 5/O:3 carrying both chromosomal and 23	  
plasmid-borne virulence genes were isolated from the fecal samples of 10 (2%) and 23 (4%) 24	  
sheep, respectively. All isolates of bioserotypes 2/O:9 (19 isolates) and 5/O:3 (53 isolates) 25	  
carried the chromosomal virulence genes ail, inv, ystA and myfA, and almost all isolates 26	  
(71/72) carried also the virulence genes virF and yadA encoded on the virulence plasmid. The 27	  
isolates showed high susceptibility to tested antimicrobials and low genetic diversity by 28	  
PFGE. Y. enterocolitica bioserotype 5/O:3 is a very rare bioserotype and was reported earlier 29	  
only sporadically in wildlife in Europe and in sheep in Australia and New Zealand. 30	  
Bioserotype 2/O:9 is a common bioserotype found in humans with yersiniosis and has 31	  
sporadically been isolated in wild and domestic animals. 32	  
 33	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INTRODUCTION 35	  
 36	  
Yersinia enterocolitica and Yersinia pseudotuberculosis strains carrying the virulence plasmid 37	  
(pYV) can cause enteritis and symptoms mimicking appendicitis due to mesenteric 38	  
lymphangitis. Enteric yersiniosis is a common disease in Europe with around 6000 reported 39	  
cases (2 cases/100,000 inhabitants) in 2014 (EFSA, 2015). The highest country-specific rates 40	  
were observed in Finland (11 cases/100,000 inhabitants) and Denmark (8 cases/100,000 41	  
inhabitants). Y. enterocolitica was the most common species isolated from patients and the 42	  
most common serotypes were O:3 (83%), O:9 (14%) and O:5,27 (2%).  43	  
 44	  
Y. enterocolitica has been isolated from several animal species including farm animals; 45	  
however, fattening pigs are so far the only animal species frequently carrying pYV-positive 46	  
strains in the tonsils and excreting this pathogen also in the feces (Fredriksson-Ahomaa, 47	  
2015). The pig strains are typically belonging to serotype O:3 and biotype 4, which is also the 48	  
biotype most commonly associated with human yersiniosis in Europe (EFSA, 2015). Serotype 49	  
O:3 strains belonging to biotype 3 has frequently been isolated in Asia from both humans and 50	  
animals, especially from pigs and dogs (Liang et al., 2015). Bioserotype 3/O:3 and 5/O:3 51	  
strains have been isolated from chinchilla and hares in Europe. It has been suggested that 52	  
ruminants, especially cattle, may play an important role as a reservoir for bioserotype 2/O:9 53	  
(Fredriksson-Ahomaa, 2015).  54	  
 55	  
The presence of enteropathogenic Yersinia in small ruminants has to a limited extent been 56	  
studied. Mostly non-pathogenic Y. enterocolitica strains of biotype 1A have been detected in 57	  
Europe (Milnes et al., 2008; Söderqvist et al., 2012). However, quite recently,. Y. 58	  
enterocolitica serotype O:9 was isolated in Sweden from sheep. In Australia, Y. 59	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pseudotuberculosis serotype O:3 and Y. enterocolitica serotype O:2,3 have been isolated from 60	  
asymptomatic sheep (Slee & Skilbeck, 1992). Young animals were shown to excrete Y. 61	  
enterocolitica in feces typically for 3 to 16 weeks but sometimes even up to 29 weeks. 62	  
 63	  
In Finland, sheep farming is semi intensive and small-scale; the average number of ewes on 64	  
the farms is only 50 and one third of the farms are organic farms. However, the number of 65	  
sheep has doubled during the last decade. It has been forecasted that sheep farming continues 66	  
to grow in the future due to the customers’ decision to eat meat products produced in a more 67	  
ethical and sustainable manner. Enteropathogenic Yersinia spp. are public health hazards 68	  
which may be transmitted via contaminated mutton and, thus, the presence of these pathogens 69	  
in sheep at slaughter was investigated. The screening was conducted with a real-time PCR 70	  
approach to increase the detection sensitivity compared to culturing. All PCR-positive 71	  
samples were also studied with culturing to obtain isolates for further characterization. The 72	  
biotype, virulence genes and antimicrobial resistance of the Yersinia isolates were studied to 73	  
assess their public health significance and PFGE was carried out to get some information 74	  
about the genetic diversity of Yersinia strains circulation among Finnish sheep. 75	  
 76	  
MATERIALS AND METHODS 77	  
  78	  
Screening of ail-positive Yersinia spp. in sheep feces by PCR 79	  
Fecal samples from 545 sheep originating from 60 farms were collected at slaughter in 80	  
Finland during 2013 to study the prevalence of ail-positive enteropathogenic Yersinia spp. in 81	  
sheep. Most (406/545, 74%) of the animals sampled were under one year old (Table 1). The 82	  
prevalence of ail-positive enteropathogenic Yersinia was studied by real-time PCR based on 83	  
SYBRGreen using the CFX96 system (BioRad, USA) (Joutsen et al., 2012). The DNA was 84	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isolated from the fecal samples by ZR Fecal DNA MiniPrep™ (Nordic BioSite Oy, Helsinki, 85	  
Finland). Shortly, a 1-g fecal sample with 9 ml of buffered peptone water (BPW, Labema, 86	  
Kerava, Finland) was mixed with a vortex mixer and incubated at 37°C for 18 to 20 h. The 87	  
DNA was isolated from 1 ml of the enrichment according to the manufacturer’s instructions. 88	  
Two µl of the DNA was added to 18 µl of mastermix (iQ™ SYBRGreen Supermix, BioRad) 89	  
containing primers to detect ail of Y. enterocolitica (Thisted Lambertz et al., 2008a) and Y. 90	  
pseudotuberculosis (Thisted Lambertz et al., 2008b). Additionally, the PCR-positive samples 91	  
were run separately with ail primers for Y. enterocolitica and Y. pseudotuberculosis. The 92	  
threshold cycle (Ct) under 38 and a specific melting temperature (Tm) of 79.0 ± 0.5°C 93	  
indicated a positive result. 94	  
 95	  
Isolation of Yersinia from PCR-positive feces samples 96	  
PCR-positive homogenates were enriched at 6°C for at least 3 weeks, and then 10 µl of the 97	  
enrichment was inoculated on cefsulodin-irgasan-novobiosin (CIN) plates (Labema) which 98	  
were incubated at 28°C for 24-48 h. The colony morphology on CIN plates was studied by 99	  
stereo-microscope. Up to four colonies with red centers surrounded by a transparent border 100	  
and of different sizes were picked up from the CIN agar and sub-cultured on blood agar and 101	  
then tested for the urease enzyme. Urease-positive colonies were identified by API 20E 102	  
(BioMerieux, France).  103	  
 104	  
Phenotypic characterization of Yersinia isolates 105	  
All Yersinia isolates were inoculated on CHROMagar™ Yersinia plates (Labema). 106	  
Furthermore, the isolates were biotyped using pyrazinamidase, tween esterase, esculin 107	  
hydrolysis, indole production, salicin, xylose and trehalose fermentation tests, and the isolates 108	  
were also serotyped by commercial antisera for antigens O:1,2, O:3, O:5, O:8 and O:9 (Denka 109	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Seiken, Japan) (Joutsen et al., 2013). Presence of the virulence plasmid (pYV) was studied by 110	  
Congo-red-magnesium-oxalate (CRMOX) agar plates (Tammer-Tutkan Maljat, Tampere, 111	  
Finland) which were incubated 24 to 48 h at 25 and 37°C. Additionally, susceptibility to 14 112	  
antimicrobial agents was tested by broth microdilution using VetMIC™GN-mo panel 113	  
(Version 4, SVA, Uppsala, Sweden) according to Clinical and Laboratory Standards Institute 114	  
(CLSI) guidelines (CLSI, 2008) (Table 3S). The incubation for 18 h at 28°C, which is the 115	  
optimal growth temperature for both pYV-positive and negative Yersinia, was used. The 116	  
breakpoint set for Enterobacteriaceae or Escherichia coli were used according to the 117	  
European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines version 118	  
5.0 (http://www.eucast.org/clinical_breakpoints/). If EUCAST breakpoints were not available 119	  
for Enterobacteriaceae or Escherichia coli, breakpoints for Enterobacteriaceae from CLSI 120	  
(2014) were used. The control strain was E. coli ATCC 25922. 121	  
 122	  
Genotypic characterization of Yersinia isolates 123	  
The presence of seven virulence genes (ail, ystA, ystB, inv and myfA in the chromosome and 124	  
yadA and virF on the plasmid) was studied by PCR (Joutsen et al., 2013). Serotypes O:3 and 125	  
O:9 were confirmed by PCR targeting the rfbC and per genes, respectively (Fredriksson-126	  
Ahomaa et al., 2011). The annealing temperature in all PCR runs was 58°C for all the primers 127	  
used in this study (Table S1). At least one isolate per sample was characterized with PFGE 128	  
using NotI and XhoI enzymes (Fredriksson-Ahomaa et al., 2011). 129	  
 130	  
Table S1 Primers used for real-time PCR based on SYBRGreen to detect ail, ystA, ystB, inv, 131	  
myfA, rfbC and per genes in the chromosome and yadA and virF on the virulence plasmid. 132	  
Gene Primers Product 
(bp) 
Reference 
	  6	  
	  
ail-ye ATGATAACTGGGGAGTAATAGGTTCG 
CCCAGTAATCCATAAAGGCTAACATAT 
163 Thisted Lambertz et al., 2008a 
 
ail-yp CGT CTG TTA ATG TGT ATG CCG AAG 
GAA CCT ATC ACT CCC CAG TCA TTA TT 
157 Thisted Lambertz et al., 2008b 
inv CTG TGG GGA GAG TGG GGA AGT TTG G 
GAA CTG CTT GAA TCC CTG AAA ACC G 
570 Rasmussen et al., 1994 
ystA ATC GAC ACC AAT AAC CGC TGA G 
CCA ATC ACT ACT GAC TTC GGC T 
79 Thoerner et al., 2003 
ystB GTA CAT TAG GCC AAG AGA CG 
GCA ACA TAC CTC ACA ACA CC 
146 Thoerner et al., 2003 
myfA CAG ATA CAC CTG CCT TCC ATC T 
CTC GAC ATA TCC CTC AAC ACG C 
272 Bhagat & Virdi 2007 
rfbC CGC ATC TGG GAC ACT AAT TCG 
CCA CGA ATT CCA TCA AAA CCA CC 
405 Weynants et al., 1996 
per TGT GCT GAA GCT TTT GGA TCT 
GAG GCC GAT ACA CCT TGA TT 
181 Jacobsen et al., 2005 
yadA TGT TCT CAT CTC CAT ATG C 
TCC TTT CGC TGC TTC AGC A 
203 Fukushima et al., 2003 
virF TCA TGG CAG AAC AGC AGT CAG 
ACT CAT CTT ACC ATT AAG AAG 
590 Wren & Tabaqchali, 1990 
 133	  
RESULTS 134	  
 135	  
Y. enterocolitica carrying the ail gene was detected in 45 (8%) feces samples from sheep at 136	  
slaughter (Table 1). All positive sheep were from animals under 1 year and they originated 137	  
from 11 (18%) farms. No Y. pseudotuberculosis was detected in the fecal samples by PCR. 138	  
 139	  
	  7	  
	  
Table 1 Detection of ail-positive Yersinia enterocolitica by PCR in 545 sheep originating 140	  
from 60 farms in Finland 2013. 141	  
Number of 
farms 
Number of animals  Number of positive animals 
All < 1 year > 1 year  All < 1 year > 1 year 
11 (18%) 139 128 (92%) 11 (8%)  45 (32%) 45 (35%) 0 
49 (82%) 406 278 (68%) 128 (32%)  0   
60 (100%) 545 406 (74%) 139 (26%)  45 (8%) 45 (11 %) 0 
 142	  
The detection rate of ail-positive Y. enterocolitica on the farms varied clearly (Table 2). From 143	  
most (35/45, 78%) PCR-positive animals, ail-positive Y. enterocolitica were also recovered 144	  
by culturing. Y. enterocolitica of biotype 5 was the most common type found in 23 animals 145	  
from 3 farms. Y. enterocolitica of biotype 2 was found in 9 animals originating from 4 farms. 146	  
The in-herd prevalence of animals shedding biotype 5 was high (between 44 and 55%). Three 147	  
sheep shed also ail-positive Y. enterocolitica 1A in the feces.  148	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Table 2 Distribution of ail-positive Yersinia enterocolitica among 139 sheep originating from 149	  
11 farms. 150	  
Positive 
farms 
Number of 
animals 
studied  
 
Number of 
PCR-positive 
animals 
Number of 
culture-positive 
animals 
Number of animals 
with bioserotype 
1A 2/O:9 5/O:3 
I 10 1 (10 %) 1 (10 %) 1   
II 10 1 (10 %) 1 (10 %)  1  
III 10 1 (10 %) 0     
IV 10 4 (40 %) 1 (10 %)  1  
V 27 13 (48 %) 12 (44 %)   12 
VI 7 1 (14 %) 0     
VII 20 8 (40 %) 7 (35 %) 2 5  
VIII 19 2 (11 %) 2 (11 %)  2  
IX 10 6 (60 %) 5 (50 %)   5 
X 11 6 (55 %) 6 (55 %)   6 
XI 5 2 (40 %) 0     
11 farms 139 animals 45 (32 %) 35 (25 %) 3 9 23 
 151	  
In total, 97 isolates showing bull’s eye appearance on CIN agar plates were phenotypically 152	  
identified by API 20E and bio- and serotyped (Table 3). The colony morphology differed 153	  
clearly between the isolates of different biotypes. However, the colony morphology of Y. 154	  
kristensenii isolates on CIN resembled the colony morphology of the biotype 5 isolates.  155	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 156	  
Most (91/97, 94%) of the isolates were identified as Y. enterocolitica. However, biotype 5 157	  
isolates could not be identified as Yersinia spp. with API 20E. The obtained code (1015323) 158	  
identified them as Pantoea. Only six (6%) of the 97 isolates were identified as Y. kristensenii. 159	  
All Y. enterocolitica isolates of biotype 2 belonged to serotype O:9 (Table 3). All Y. 160	  
enterocolitica isolates of biotype 5 were sorbitol and trehalose negative, and agglutinated with 161	  
O:3 antiserum but only some (22%) of them agglutinated also with O:1,2 antiserum. Almost 162	  
all isolates (99%) of biotypes 2 and 5 showed typical growth on CRMOX associated with the 163	  
presence of the virulence plasmid. Biotype 1A isolates (18) were found from 8 animals. They 164	  
formed blue colonies on the CHROMagar plates, thus differing from Y. enterocolitica isolates 165	  
of biotypes 2 and 5, and Y. kristensenii isolates which formed mauve colonies. 166	  
 167	  
Table 3 Phenotypic characteristics of 91 Yersinia enterocolitica and 6 Yersinia kristensenii 168	  
isolates found in 40 sheep. 169	  
a Number of animals 170	  
Yersinia spp. Isolates Bio- 
type 
Sero 
-type 
API 20E 
profile 
CHROMagar 
Yersinia 
CRMOX 
 
Y. enterocolitica 5 (2)a 1A O:8 1355723 Blue - 
 4 (3) 1A O:5,8 1355723 Blue - 
 9 (3) 1A NT 1355723 Blue - 
Y. enterocolitica 18 (9) 2 O:9 1155723 Mauve + 
 1 (1) 2 O:9 1155723 Mauve - 
Y. enterocolitica 12 (9) 5 O:1,2,3 1015323 Mauve + 
 42 (21) 5 O:3 1015323 Mauve + 
Y. kristensenii 6 (3) NT ND 1154703 Mauve - 
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NT=not typable, ND=not done 171	  
 172	  
The rfb and per genes were detected by PCR in all serotype O:3 and O:9 isolates, respectively 173	  
(Table 4). All isolates of biotype 5 carried the virulence genes in the chromosome (ail, ystA 174	  
and myfA) and on the plasmid (virF and yadA) which are typically detected only in 175	  
pathogenic strains. One bioserotype 2/O:9 isolate was both virF and yadA negative indicating 176	  
that it does not carry the virulence plasmid. The same isolate also formed big and light 177	  
colonies on CRMOX. Another isolate of the bioserotype 2/O:9 was both ystA and myfA 178	  
negative. Almost all (16/17) biotype 1A isolates carried the ystB and inv genes but were virF 179	  
and yadA negative. Most of them were also ystA and myfA negative. Ten biotype 1A isolates 180	  
from 3 sheep carried the ail gene usually detected only in pathogenic strains. Most (5/6) Y. 181	  
kristensenii isolates carried the ystB gene and all 6 isolates were virF and yadA negative. 182	  
 183	  
Table 4 Virulence genes detected in 91 Yersinia enterocolitica and 6 Yersinia kristensenii 184	  
isolates found in 40 sheep. 185	  
a Number of animals 186	  
 187	  
Yersinia spp. Isolates Number of isolates positive for 
ail rfb per inv ystA ystB myfA virF yadA 
Y. enterocolitica            
 1A 18 (8)a 10 0 0 17 2 17 5 0 0 
 2/O:9 19 (9) 19 0 19 19 18 0 18 18 18 
 5/O:(1,2,)3 54 (23) 54 54 0 54 54 1 54 54 54 
Y. kristensenii 6 (3) 0 0 0 1 0 5 0 0 0 
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Forty Y. enterocolitica isolates were characterised with PFGE and their susceptibility to 14 188	  
antimicrobial agents were also tested. In total, 14 PFGE types were obtained with NotI and 189	  
XhoI enzymes (Table S2). Genetic diversity was very limited among the isolates belonging to 190	  
biotypes 2 and 5. Most (18/23, 78%) of the biotype 5 isolates were belonging to same PFGE 191	  
type and all isolates had the same NotI pattern. Six different NotI and XhoI patterns were 192	  
obtained among 8 biotype 1A isolates. No farm-specific PFGE types were found. 193	  
 194	  
Table S2 PFGE types obtained by NotI and XhoI enzymes found in 40 Yersinia enterocolitica 195	  
isolates from sheep originating from different farms. 196	  
 197	  Biotype Number of 
isolates 
Farm PFGE 
type 
NotI 
profile 
XhoI 
profile 
1A 2a VII I N11 X11 
 2 IV, VII J N12 X12 
 1 IX K N13 X13 
 1 I L N14 X14 
 1 IV M N15 X15 
 1 IV N N16 X16 
2 4 II, VII, VIII A N21 X21 
 3 IV, VII B N22 X22 
 2 VII C N22 X22 
5 18 V, IX, X D N51 X51 
 2 V, X E N51 X52 
 1 V F N51 X53 
 1 V G N51 X54 
 1 V H N51 X55 
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aOne isolate per animal was characterised 198	  
 199	  
All Y. enterocolitica isolates were susceptible to most (10/14) of the antimicrobial agents 200	  
tested (Table S3). All isolates were resistant to ampicillin and some isolates showed resistance 201	  
to ceftazidime. Resistance to trimethoprim and chloramphenicol occurred only among biotype 202	  
1A isolates (Table 5). No correlation between the PFGE and resistance patterns was observed. 203	  
However, 3 biotype 5 isolates from sheep originating from the same farm having the same 204	  
PFGE pattern showed resistance to ceftazidime. 205	  
 206	  
Table S3 Minimal inhibitory concentration (MIC) of Yersinia isolates recovered from sheep 207	  
feces obtained by VetMIC broth microdilution panel. 208	  
Antimicrobial 
agent 
Break 
points 
Biotype Number of isolates with MIC (µg/µl) 
 0.016 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 
Ampicillin EUCASTa 1A            2 4 2 
  2             8 1 
  5            8 15  
Cefotaxime EUCASTa 1A    3 3 2         
  2    7  2         
  5  2 14 2 3 2         
Ceftazidime EUCASTa 1A      1 1 4  1 1    
  2     2 4 1  2      
  5     13 4  5 1      
Chloramphenicol EUCASTa 1A          7 1    
  2         9      
  5        23       
Ciprofloxacin EUCASTa 1A  1 5 2           
  2 1  5 3           
  5 1 17 5            
Colistin EUCASTa 1A      2 6        
  2       9        
  5      1 18 4       
Florfenicol  1A         3 5     
  2         9      
  5         23      
Gentamycin EUCASTa 1A      1 6 1       
  2        9       
  5       19 4       
Kanamycin CLSIc 1A          8     
  2          9     
  5          23     
Nalidixic acid CLSIc 1A       8        
  2       9        
  5       23        
Streptomycin EUCASTb 1A         5 3     
  2          9     
  5         10 13     
Sulfamethoxazole EUCASTb 1A          7  1   
  2          9     
  5          22 1    
Tetracyclin CLSIc 1A        6 2      
  2       1 6 2      
  5       21 2       
Trimetophrim EUCASTa 1A      2 2 2 2 2     
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  2       3 6       
  5      6 17        
a Breakpoints for Enterobacteriaceae 209	  
b Breakpoints for Escherichia coli 210	  
c No EUCAST or CLSI breakpoints available 211	  
 212	  
Table 5 Distribution of PFGE types and resistance among 40 Yersinia enterocolitica isolates 213	  
and one Yersinia kristensenii isolate. 214	  
a Number of positive animals 215	  
Am=ampicillin, Su=sulfamethoxazole, Tm=trimethoprim, Cm=chloramphenicol, 216	  
Caz=ceftazidime 217	  
 218	  
DISCUSSION 219	  
 220	  
Yersinia spp. Isolates Farms PFGE 
types 
Resistance to 
Am Caz Cm Su Tm 
Y. enterocolitica         
 1A 6 I, IV, VI, VII, I, J, L, M, N R S S S S 
  1 VII I R R S S I 
  1 IX K R R R S I 
 2/O:9 7 II, IV, VII, VIII A, B R S S S S 
  2 VII C R I S S S 
 5/O:(1,2,)3 17 V, IX, X D, E, G, H R S S S S 
  3 V D, E, F R I S S S 
  2 IX D R I S S S 
  1 IX D R R S S S 
Y. kristensenii 1 V O S S S R S 
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All fecal samples from sheep at slaughter were screened for the possible occurrence of 221	  
enteropathogenic Yersinia spp. using PCR to overcome the low sensitivity of cultural methods 222	  
when healthy animals are studied (Fredriksson-Ahomaa & Korkeala, 2003). The PCR-223	  
prevalence of ail-positive Y. enterocolitica in fecal samples of young (< 1 year) sheep at 224	  
slaughter was 11%. All older animals were negative for Y. enterocolitica and all animals for 225	  
Y. pseudotuberculosis. This shows that young sheep can carry pathogenic Y. enterocolitica in 226	  
the feces to the slaughterhouse and may serve as a contamination source of carcasses during 227	  
slaughtering. In a recent study from Australia, fecal shedding of Yersinia spp. was studied in 228	  
sheep on three occasions: during weaning, post-weaning and pre-slaughter using PCR (Yang 229	  
et al., 2016). Fifteen percent of the lambs were shedding pathogenic Y. enterocolitica in the 230	  
feces on at least one sampling occasion before slaughtering and the PCR-prevalence was 231	  
highest just after weaning and lowest just before slaughtering.  232	  
 233	  
Pathogenic Y. enterocolitica isolates carrying the pYV virulence plasmid were isolated from 234	  
feces of 32 (8%) young sheep at slaughter: bioserotype 2/O:9 isolates were found in 9 animals 235	  
and bioserotype 5/O:3 isolates in 23 animals. It is the first time that Y. enterocolitica 236	  
bioserotype 5/O:3 was found in Finland. It is a rare bioserotype, which has mostly been 237	  
isolated from wild hares in Europe and recently also in a wild alpine ibex in Switzerland 238	  
(Joutsen et al., 2013; Le Guern et al., 2016). The hare type is typically agglutinated also with 239	  
O:2 antiserum (Le Guern et al., 2016) but in our study only combined O:1,2 antiserum was 240	  
commercially available, which may have influenced the results by giving weak-positive or 241	  
false-negative results. 242	  
 243	  
Bioserotype 2/O:9, which is a common finding in human yersinosis in Europe, has 244	  
sporadically been isolated from ruminants, typically from cattle but also from sheep and goats 245	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(Fredriksson-Ahomaa, 2015; Fredriksson-Ahomaa et al., 2012; Le Guern et al., 2016). 246	  
However, bioserotype 2/O:9 has not been reported before in sheep in Finland. In Sweden, 247	  
which is a brucellosis-free country, Y. enterocolitica 2/O:9 was recently isolated from feces of 248	  
sheep serologically positive for Brucella melitensis. It has been shown that Y. enterocolitica 249	  
2/O:9 strains can give rise to false-positive results in serological tests for B. melitensis 250	  
infection due to their identical O-antigen structure with Brucella spp. (Chenais et al., 2012).  251	  
 252	  
Biotype 1A, which is considered a non-pathogenic biotype, was found in 8 young sheep. This 253	  
is the most frequently found type in animal feces. In a recent study from China, Y. 254	  
enterocolitica was found only in 1% of the 1677 sheep feces studied and all isolates were of 255	  
biotype 1A (Liang et al., 2015). In Sweden, the prevalence of Y. enterocolitica in sheep was 256	  
high; it was found in 35% of the slaughter sheep mostly in feces (Söderqvist et al., 2012). All 257	  
isolates belonged to biotype 1A and were ail negative. In our study, surprisingly three young 258	  
sheep shed ail-positive biotype 1A isolates in the feces. This gene is typically detected only in 259	  
isolates belonging to pathogenic biotypes 1B and 2 to 5. However, there is growing evidence 260	  
for ail-positive biotype 1A isolates (Fredriksson-Ahomaa et al., 2011, 2012; Kraushaar et al., 261	  
2011; Sihvonen et al., 2011; Liang et al., 2014). In China, the ail gene was detected in only 262	  
two biotype 1A isolates (one was from a sheep) among 3870 isolates which shows that its 263	  
occurrence is so far low in this biotype (Liang et al., 2014). However, it cannot be excluded 264	  
that horizontal transfer of the ail gene may occur and increases the prevalence in non-265	  
pathogenic Yersinia spp.    266	  
 267	  
Isolation and identification of biotype 2 and especially biotype 5 isolates was very 268	  
challenging because of the slow growth and untypical colony morphology on CIN agar. 269	  
Furthermore, API 20E could not identify biotype 5 isolates as Yersinia spp. Biotype 1A 270	  
	  16	  
	  
isolates could easily be differentiated from biotypes 2 and 5 because they were growing well 271	  
as blue colonies on CHROMagar and as big light colonies on CRMOX agar indicating that 272	  
they are not carrying the virulence plasmid. Y. kristensenii isolates were difficult to 273	  
differentiate from biotype 5 isolates on CIN agar because both were growing as very small 274	  
and dark red colonies. Y. kristensenii forms also mauve colonies on CHROMagar like isolates 275	  
of biotypes 2 and 5. However, on CRMOX agar they were growing as non-pathogenic isolates 276	  
forming big and light colonies. The quite new commercial chromogenic agar used in this 277	  
study has shown to be convenient to differentiate Y. enterocolitica 1A isolates from Y. 278	  
enterocolitica isolates of biotypes 2 to 5 (Karhukorpi and Päivänurmi, 2013, Renaud et al., 279	  
2013). However, esculin-negative Yersinia spp. like in this study Y. kristensenii cannot be 280	  
differentiated from Y. enterocolitica biotypes 2 to 5 (Karhukorpi and Päivänurmi, 2013). 281	  
 282	  
All isolates of biotypes 2 and 5 carried ail, ystA and myfA genes in the chromosome which 283	  
are generally present only in pathogenic Y. enterocolitica isolates (Fredriksson-Ahomaa, 284	  
2015; Schneeberger et al., 2015). Only one bioserotype 2/O:9 isolate did not carry the plasmid 285	  
encoded genes yadA and virF indicating that this isolate has lost the pYV virulence plasmid 286	  
probably during the culturing. This isolate formed also big and light colonies on CRMOX 287	  
agar at 37°C which is typical for pYV-negative isolates.  288	  
 289	  
The commercial VetMIC GN-mo test panel based on broth microdilution was used in this 290	  
study. It has also been used in some recent studies (Bonke et al., 2011, Schneeberger et al., 291	  
2015). All isolates of biotype 2 and 5 were very susceptible to the tested antimicrobials. The 292	  
isolate were resistant only to ampicillin which is typical for most Yersinia isolates due to the 293	  
blaA gene present in these isolates (Bonke et al., 2011). Only single isolates of the biotype 1A 294	  
showed some resistance to ceftazidime, chloramphenicol and trimethoprim. Schneeberger et 295	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al. (2015) studied bioserotype 4/O:3 isolates from humans and pigs with the same commercial 296	  
test panel and reported resistance to chloramphenicol, nalidixic acid, streptomycin and 297	  
sulfametoxazole in human isolates. Some differences in the susceptibility between different 298	  
bioserotypes may occur and could be one explanation. Another reason for the high 299	  
susceptibility of the sheep isolates may be the good animal health and the low use of 300	  
antimicrobials in sheep farming. 301	  
 302	  
The PFGE analyses using two enzymes demonstrate that the genetic diversity of the biotype 2 303	  
and 5 isolates are very limited even though they differ clearly from each other. Most of the 304	  
types were circulating on different farms and they did not correlate with resistance patterns. 305	  
There was a high genetic diversity among biotype 1A isolates. Interestingly, two ail-positive 306	  
1A isolates from different sheep had the same unique genotype (I) and the third ail-positive 307	  
isolate from another farm had its own unique genotype (L). The resistance patterns did not 308	  
correlate with the genotypes either for biotype 1A isolates. 309	  
 310	  
Conclusions 311	  
This study demonstrates that young healthy sheep can carry pathogenic Y. enterocolitica of 312	  
bioserotypes 2/O:9 and 5/O:3 which can be transmitted from the feces to the carcasses during 313	  
slaughtering. Isolation and identification especially of bioserotype 5/O:3 was shown to be 314	  
very challenging due to the slow growth and untypical colony morphology on the CIN plates, 315	  
and atypical phenotypic characteristics. The chromosomal encoded virulence gene ail, which 316	  
is typically only found in pathogenic Y. enterocolitica belonging to biotypes 1B and 2 to 5, 317	  
was detected in biotype 1A strains isolated from three young sheep originating from two 318	  
farms. The genetic diversity was very limited and antimicrobial susceptibility was very high 319	  
in biotype 2 and 5 isolates in contrast to biotype 1A isolates which were genetically 320	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heterogeneous and showed some resistance to ceftazidime, chloramphenicol and 321	  
trimethoprim.    322	  
  323	  
Highlights 324	  
• Y. enterocolitica bioserotypes 2/O:9 and 5/O:3 were isolated from sheep < 1 year 325	  
• ail-positive Y. enterocolitica biotype 1A was found in three sheep 326	  
• Isolation and identification of bioserotype 5/O:3 is very challenging 327	  
• Genetic diversity of bioserotypes 2/O:9 and 5/O:3 was very limited 328	  
• Susceptibility to antimicrobial agents was very high 329	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